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(57) ABSTRACT 

A sigma-delta circuit With time sharing architecture includes 
a coe?icient generation element, a sigma-delta processing 
element, and a storage element. The coef?cient generation 
element is used for generating coef?cients for sigma-delta 
operations. The sigma-delta processing element is used for 
executing sigma-delta operations according to the coef? 
cients generated by the coe?icient generation element. The 
storage element is used for storing results of the sigma-delta 
operations executed by the sigma-delta processing element. 
The sigma-delta circuit is used for executing a plurality of 
orders of sigma-delta operations through the coe?icient gen 
eration element, the sigma-delta processing element and the 
storage element. 

20 Claims, 10 Drawing Sheets 
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SIGMA-DELTA CIRCUIT AND RELATED 
METHOD WITH TIME SHARING 

ARCHITECTURE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a sigma-delta circuit and 

related method, and more particularly, to a sigma-delta circuit 
and related method With a time sharing architecture. 

2. Description of the Prior Art 
Recently, audio processing is implemented by general 

microprocessors such as central processing units (CPU) or 
digital signal processors (DSP). Another method for audio 
processing is implemented in ?eld programmable gate arrays 
(FPGA), due to operational frequency of sigma-delta modu 
lators being loW enough to be implemented in FPGA easily. 
The sigma-delta modulators are already Widespreadly 
applied to analog-to-digital converters (ADC) and digital-to 
analog converters (DAC), because of the sigma-delta modu 
lators having a capability of noise shaping to restrain quan 
tiZed noise Within signal bandWidths and to raise the signal to 
noise ratio further. Hence, the sigma-delta modulators are 
popular in application circuits With high resolution and 
middle (or loW) speed. 

Please refer to FIG. 1. FIG. 1 is a diagram of a ?rst order 
sigma-delta modulator 10 in the prior art. The ?rst order 
sigma-delta modulator 10 includes an adder 12, an integrator 
13, a quantiZer 14, a digital-to-analog converter 16, and a 
?lter 18. Principles of the sigma-delta modulator 10 are rough 
estimating signals ?rstly to calculate errors, and then after 
integration, the errors are further compensated. As shoWn in 
FIG. 1, an input signal ml and a feedback signal S FE of the 
digital-to-analog converter 16 are inputted into the adder 12 
and are subtracted to generate an error signal Se. The error 
signal Se is integrated by the integrator 13 and then is quan 
tiZed by the quantiZer 14. Due to quantized errors resulting in 
noise being quantized, the noise should be ?ltered out by the 
?lter 18 to ?nally output an output signal Out1. 

Please refer to FIG. 2, Which is a diagram of a second order 
sigma-delta modulator 20 in the prior art. The second order 
sigma-delta modulator 20 includes the adder 12, the integra 
tor 13, a second adder 22, a second integrator 23, the quantiZer 
14, a digital-to-analog converter 16, and a ?lter 18. Orders of 
the sigma-delta modulator 20 depend on amount of feedback 
loops. As shoWn in FIG. 2, the input signal In1 and the 
feedback signal S FE of the digital-to-analog converter 16 are 
inputted into the adder 12 and are subtracted to generate the 
error signal Se. The error signal Se is integrated by the inte 
grator 13 to generate an integration signal Si. The integration 
signal Si and the feedback signal S P5 of the digital-to-analog 
converter 16 are inputted into the second adder 22 and are 
subtracted, and then are integrated by the second integrator 23 
and are quantiZed by the quantiZer 14. Due to quantiZed errors 
resulting in noise being quantiZed, the noise should be ?ltered 
out by the ?lter 18 to ?nally output the output signal Out1. 
Hence, the second order sigma-delta modulator 20 totally 
processes sigma-delta operations tWo times. 
On this account, With the increasing of the orders of the 

sigma-delta operations, the circuit of the sigma-delta modu 
lators becomes more and more complicated. Please refer to 
FIG. 3, Which is a diagram of a ?fth order sigma-delta modu 
lator 30 in the prior art. As shoWn in FIG. 3, the ?fth order 
sigma-delta operations are executed by a ?rst sigma-delta 
processing element PE1, a second sigma-delta processing 
element PE2, a third sigma-delta processing element PE3, a 
fourth sigma-delta processing element PE4, and a ?fth sigma 
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2 
delta processing element PE5. Each sigma-delta processing 
element (PE1~PE5) at least includes a multiplier, an adder, 
and an integrator. For example, the second sigma-delta pro 
cessing element PE2 includes the multipliers a(2), b(2), g(1), 
and c(2), the integrator 332, and the adders 321 and 322. As 
shoWn in FIG. 3, a ?rst order sigma-delta operation is pro 
cessed on the input signal ml by the ?rst sigma-delta pro 
cessing element PE1, and then a second, a third, a fourth, and 
a ?fth order sigma-delta operations are processed on it 
sequentially. After ?nishing ?ve orders of sigma-delta opera 
tions, the result is quantiZed by a quantiZer 34 and then is 
delayed for a clock period by a delay unit 37 to ?nally output 
the output signal Out1. The ?ve orders of the sigma-delta 
operations on the input signal In1 are obtained through the 
?fth order sigma-delta modulator 30. HoWever, the ?fth order 
sigma-delta modulator 30 needs at least eight adders, eigh 
teen multipliers, and ?ve integrators, Which Will Waste hard 
Ware areas. 

Direct implementations of audio processing Will Waste too 
much hardWare areas and cost due to the audio processing 
only having frequencies of KHZ. Hence, most designs are 
implemented by general microprocessors such as central pro 
cessing units (CPU) or digital signal processors (DSP) 
recently, but their hardWare cost is too high and Will result in 
raising operational frequencies, Which is dif?cult to be imple 
mented in FPGA. In the prior art, sigma-delta circuits With 
multiple orders need a lot of adders, multipliers, and integra 
tors. The more orders of the sigma-delta circuits that are used, 
the more adders, multipliers, and integrators are needed. 
These elements Will increase not only manufacture cost but 
also hardWare areas. 

SUMMARY OF THE INVENTION 

The claimed invention provides a sigma-delta circuit With 
a time sharing architecture. The sigma-delta circuit includes a 
coe?icient generation element, a sigma-delta processing ele 
ment, and a storage element. The coef?cient generation ele 
ment is used for generating coef?cients for sigma-delta 
operations. The sigma-delta processing element is used for 
executing sigma-delta operations according to the coef? 
cients generated by the coe?icient generation element. The 
storage element is used for storing results of the sigma-delta 
operations executed by the sigma-delta processing element. 
The sigma-delta circuit is used for executing a plurality of 
orders of sigma-delta operations through the coef?cient gen 
eration element, the sigma-delta processing element and the 
storage element. 
The claimed invention provides a method of utiliZing a 

time sharing architecture to process audio signals in a sigma 
delta circuit. The method includes generating coe?icients for 
sigma-delta operations, executing sigma-delta operations 
according to the coef?cients generated for sigma-delta opera 
tions, and storing results of the sigma-delta operations. A 
plurality of orders of sigma-delta operations is executed 
through the above-mentioned steps. The method further 
includes receiving a plurality of coe?icients, receiving a state 
signal, and selecting one of the plurality of coef?cients to 
output according to the state signal. The method further 
includes quantiZing the results of the sigma-delta operations. 

These and other objectives of the present invention Will no 
doubt become obvious to those of ordinary skill in the art after 
reading the folloWing detailed description of the preferred 
embodiment that is illustrated in the various ?gures and draW 
1ngs. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram of a ?rst order sigma-delta modulator in 
the prior art. 

FIG. 2 is a diagram of a second order sigma-delta modu 
lator in the prior art. 

FIG. 3 is a diagram of a ?fth order sigma-delta modulator 
in the prior art. 

FIG. 4 is a diagram of a sigma-delta circuit With a time 
sharing architecture according to an embodiment of the 
present invention. 

FIG. 5 is a diagram illustrating an embodiment of the 
integrator in FIG. 4. 

FIG. 6 is a diagram illustrating another embodiment of the 
integrator in FIG. 4. 

FIG. 7 is a diagram of a sigma-delta circuit With a time 
sharing architecture according to another embodiment of the 
present invention. 

FIG. 8 is a diagram illustrating operations of the sigma 
delta circuit With a time sharing architecture. 

FIG. 9 is a diagram of an audio processing architecture. 
FIG. 10 is a diagram illustrating a How of a method of 

utiliZing a time sharing architecture to process audio signals 
in a sigma-delta circuit according to an embodiment of the 
present invention. 

DETAILED DESCRIPTION 

Please refer to FIG. 4. FIG. 4 is a diagram of a sigma-delta 
circuit 40 With a time sharing architecture according to an 
embodiment of the present invention. The sigma-delta circuit 
40 includes a coe?icient generation element 41, a sigma-delta 
processing element 44, and a storage element 47. The coef 
?cient generation element 41 is used for generating coef? 
cients a, c, and g for sigma-delta operations, and includes a 
?rst multiplexer MUXI, a second multiplexer MUX2, and a 
third multiplexer MUX3. The ?rst multiplexer MUXl 
includes n input ends, a control end 411, and an output end 
412. The n input ends are used for receiving n coef?cients 
a[1]~a[n], the control end 411 is used for receiving a state 
signal ST1, and the output end 412 is used for selecting one 
coe?icient a from the n coef?cients a[1]~a[n] to output. The 
second multiplexer MUX2 includes n input ends, a control 
end 413, and an output end 414. The n input ends are used for 
receiving n coef?cients c[1]~c[n], the control end 413 is used 
for receiving the state signal ST1, and the output end 414 is 
used for selecting one coef?cient c from the n coef?cients 
c[1]~c[n] to output. The third multiplexer MUX3 includes n 
input ends, a control end 415, and an output end 416. The n 
input ends are used for receiving n coef?cients g[1]~g[n], the 
control end 415 is used for receiving the state signal ST1, and 
the output end 416 is used for selecting one coef?cient g from 
the n coe?icients g[1]~g[n] to output. The sigma-delta pro 
cessing element 44 is used for executing sigma-delta opera 
tions according to the coef?cients a, c, and g generated by the 
coe?icient generation element 41. The sigma-delta process 
ing element 44 is a common sigma-delta processing element, 
Which at least has a multiplier, an adder, and an integrator. As 
shoWn in FIG. 4, the sigma-delta processing element 44 has 
four multipliers 431, 432, 433, and 434, tWo adders 45 and 46, 
and an integrator 42. The coef?cients of the four multipliers 
431, 432, 433, and 434 are individually the coef?cients a, a, g, 
c generated coe?icient generation element 41. The output 
signal Out1 can be expressed in the folloWing equation: 
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If ?ve orders of sigma-delta operations are needed to be 

executed, assume that n:5. Thus different coef?cients a, c, 
and g are utiliZed in each order of sigma-delta operation to 
complete ?ve orders of sigma-delta operations. The storage 
element 47 is used for storing results of the sigma-delta opera 
tions executed by the sigma-delta processing element 44. The 
sigma-delta circuit 40 is used for executing a plurality of 
orders of sigma-delta operations through the coe?icient gen 
eration element 41, the sigma-delta processing element 44 
and the storage element 47. The storage element 47 is a 
random access memory (RAM). 

Please refer to FIG. 5, Which is a diagram illustrating an 
embodiment of the integrator 42 in FIG. 4. The integrator 42 
includes an adder 52 and a delay unit 54, Which form a 
feedback loop. The adder 52 includes tWo input ends 522 and 
524, Which are individually used for receiving an input signal 
In1 and a value of the previous output signal. After adding the 
input signal In1 to the value of the previous output signal, a 
second operation signal S2 is generated. Then the second 
operation signal S2 is delayed for a clock period by the delay 
unit 54 to generate the ?nal output signal Out1. 

Please refer to FIG. 6, Which is a diagram illustrating 
another embodiment of the integrator 42 in FIG. 4. The inte 
grator 42 includes an adder 62 and a delay unit 64, Which form 
a feedback loop. The adder 62 includes a ?rst input end 622 
for receiving an input signal In1, and a second input end 624 
coupled to an output end of the delay unit 64 for receiving a 
value of the previous output signal after delay of a clock 
period. After adding the input signal In1 to the value of the 
previous output signal after delay of a clock period, the ?nal 
output signal Out1 is generated. 

Thus it can be seen from FIG. 5 and FIG. 6, the architecture 
of the integrator can be vieWed as an adder as Well as a delay 
unit. Hence, the sigma-delta processing element 44 in FIG. 4 
can be simpli?ed into an adder as Well as a multiplier, and a 
plurality of multiplexers and a plurality of delay units are 
collocated to execute operations With different orders. As a 
result, more adders and more multipliers can be reduced to 
save more hardWare areas further. 

Please refer to FIG. 7. FIG. 7 is a diagram of a sigma-delta 
circuit 70 With a time sharing architecture according to 
another embodiment of the present invention. The sigma 
delta circuit 70 includes the coe?icient generation element 
71, a sigma-delta processing element 74, and the storage 
element 77. The coe?icient generation element 71 is used for 
generating coe?icients a, c, and g for sigma-delta operations 
and includes a ?rst multiplexer MUXI, a second multiplexer 
MUX2, and a third multiplexer MUX3. The operational prin 
ciples of the ?rst multiplexer MUXl, the second multiplexer 
MUX2, and the third multiplexer MUX3 are the same as the 
embodiment in FIG. 4 and are not explained anymore. The 
sigma-delta processing element 74 is used for executing 
sigma-delta operations according to the coef?cients a, c, and 
g generated by the coe?icient generation element 71. The 
sigma-delta processing element 74 is a sigma-delta process 
ing unit after simpli?cation, Which has a multiplier 73, an 
adder 75, four delay units 76, six multiplexers 
MUX11~MUX66, and a quantiZer 84. The storage unit 77 is 
used for storing the results of the sigma-delta operations of 
the sigma-delta processing element 74, in this embodiment, a 
plurality of parameters addsub_res, Wne, Wptr, rptr, dfram, 
and d2ram can be stored. On the left side of a dotted line AA', 
the sigma-delta processing element 74 is used for selecting 
Which parameter to process an addition operation through the 
multiplexers MUX11~MUX44; and on the right side of the 
dotted lineAA', one of the coef?cients a, c, and g generated by 
the coe?icient generation element 71 is selected by the mul 
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tiplexer MUX66 and one parameter is selected by the multi 
plexer MUX55 to enter the multiplier 73 to process a multi 
plication operation. The delay unit 76 in FIG. 7 is used for 
delaying for a clock period. The quantiZer 84 is used for 
quantiZing the results of sigma-delta operations. The sigma 
delta processing element 74 can save the amount of the mul 
tipliers 73 and the adders 75 through the selection of the 
plurality of multiplexers MUX11~MUX66 The sigma-delta 
circuit 70 is used for executing a plurality of orders of sigma 
delta operations through the coef?cient generation element 
71, the sigma-delta processing element 74 and the storage 
element 77. The delay unit 76 is a D-type ?ip ?op, and the 
storage element 77 is a random access memory (RAM). 

FIG. 8 is a diagram illustrating operations of the sigma 
delta circuit With a time sharing architecture. A time axle t is 
divided into ?ve stages 1, 2, 3, 4, and 5, Which are used for 
executing sigma-delta operations by ?ve sigma-delta pro 
cessing elements PE1~PE5. The current state stage can be 
selected by the state signal ST1, and a Wanted operation (such 
as an addition operation or a multiplication operation) during 
each stage can be selected by a count signal CNT1. Different 
coef?cients in different states are generated through the coef 
?cient generation element 41. For example, in the ?rst state, 
the coef?cients a(1), c(1), and g(1) are generated. To reason 
by analogy, the coef?cients a(5), c(5), and g(5) are generated 
in the ?fth state. Hence, only one sigma-delta processing unit 
74 is needed for executing sigma-delta operations With dif 
ferent orders (different states) by Way of the time sharing 
architecture. The plurality of multiplexers MUX11~MUX66 
and the count signal CNT1 are utiliZed to further save the 
amount of the multipliers and the adders in circuits. Only one 
multiplier and one adder are used for executing different 
addition operations or multiplication operations to complete 
the sigma-delta operations. 

Please refer to FIG. 9 that is a diagram of an audio process 
ing architecture 90. The audio processing architecture 90 
includes an analog-to-digital converter ADC1, a sampling 
rate converter 92, an audio processing unit 94, a sigma-delta 
modulator 95, an ampli?er 96, a loW-pass ?lter 97, and a 
loudspeaker 98. The analog-to-digital converter ADC1 is 
used for transforming signals into a digital format, such as I2S 
(inter-IC sound). The Inter Integrated-circuit Sound digital 
format I2S is processed a sampling rate transformation or 
re-sampled by the sampling rate converter 92 ?rst, processed 
by the audio processing unit 94, and then processed sigma 
delta operations by the sigma-delta modulator 95. The sigma 
delta modulator 95 can be the sigma-delta circuit 40 in FIG. 4 
or the sigma-delta circuit 70 in FIG. 7, Which utiliZes the time 
sharing architecture to reduce the amount of the adders and 
the multipliers. The signal outputted by the sigma-delta 
modulator 95 is submitted to the ampli?er 96, Which can be a 
D class ampli?er or anAB class ampli?er. Finally, signals are 
transmitted to the loudspeaker 98 to be played. The loud 
speaker 98 is a horn, and the loW-pass ?lter 97 is coupled 
betWeen the ampli?er 96 and the loudspeaker 98 for ?ltering 
noise. 

Please refer to FIG. 10. FIG. 10 is a diagram illustrating a 
How 80 of a method of utiliZing a time sharing architecture to 
process audio signals in a sigma-delta circuit according to an 
embodiment of the present invention. The How 80 can be 
expressed in the folloWing steps: 

Step 802: Generating coef?cients for sigma-delta opera 
tions. 

Step 804: Executing sigma-delta operations according to 
the coef?cients generated for sigma-delta operations. 

Step 806: Storing results of the sigma-delta operations. 
Step 808: Repeating the above-mentioned steps 802~808. 
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6 
Step 810: QuantiZing the results of the sigma-delta opera 

tions. 
In step 802, through the application of a multiplexer, one 

coe?icient can be selected from the plurality of coef?cients 
according to the current state and the Wanted operation. In 
step 804, the sigma-delta operations are executed according 
to the coef?cients generated for sigma-delta operations. In 
step 806, the results of the sigma-delta operations are stored 
in a memory. In step 808, due to n orders sigma-delta opera 
tions being needed, each coef?cient for each sigma-delta 
operation should be generated repeatedly. In step 810, the 
?nal results are quantized after all sigma-delta operations are 
completed to ?nish a complete signal How. The generation of 
the coef?cients for the sigma-delta operations are controlled 
by an state signal ST1, and the states of the sigma-delta 
operations and the Wanted operations are controlled by the 
state signal ST1 and the count signal CNT1. 
The abovementioned embodiments are presented merely 

for describing the present invention, and in no Way should be 
considered to be limitations of the scope of the present inven 
tion. The delay unit 76 is not limited to the D-type ?ip ?op 
only and can be a delay unit of another type. The storage 
element 47 is not restricted to a random access memory only, 
and can be other storage devices. The amount of the multi 
plexers included in the coe?icient generation element 41 is 
corresponding to the amount of the coef?cients for sigma 
delta operations and is not limited to three multiplexers only. 
The sigma-delta circuit 40 and the sigma-delta circuit 70 both 
utiliZe the time sharing architecture. The difference betWeen 
them is that the sigma-delta circuit 70 can save more adders 
and multipliers through the usage of the plurality of multi 
plexers MUX11~MUX66 But the above-mentioned embodi 
ments are merely used for illustrating exempli?cations of the 
present invention and are not limited to one of them only. 
From the above descriptions, the present invention pro 

vides a sigma-delta circuit With the time sharing architecture. 
Among the sigma-delta circuit 40 and the sigma-delta circuit 
70, different coe?icients for different states and for different 
Wanted operations are generated by the coe?icient generation 
element 41, and the plurality of sigma-delta operations can be 
executed sequentially through the control of the state signal 
ST1 and the count signal CNT1. More adders and multipliers 
can be saved through the usage of the plurality of multiplexers 
MUX11~MUX66 As a result, more sigma-delta processing 
elements can be omitted and more components such as the 
adders and the multipliers can be saved, Which can prevent 
Wasting hardWare area and cost. Furthermore, operational 
frequencies can be controlled in a reasonable range. For 
example, a general audio sampling rate is 44.1 KHZ, if ?ve 
orders of sigma-delta operations are needed and each order of 
sigma-delta operation includes ?ve Wanted steps, the opera 
tional frequency is (44.1 K*5*5) HZ, Which can still be imple 
mented in FPGA. 

Those skilled in the art Will readily observe that numerous 
modi?cations and alterations of the device and method may 
be made While retaining the teachings of the invention. 
Accordingly, the above disclosure should be construed as 
limited only by the metes and bounds of the appended claims. 

What is claimed is: 
1. A sigma-delta circuit With a time sharing architecture 

comprising: 
a coe?icient generation element used for generating coef 

?cients for sigma-delta operations; 
a sigma-delta processing element used for executing 

sigma-delta operations according to the coef?cients 
generated by the coef?cient generation element; and 
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a storage element used for storing results of the sigma-delta 
operations executed by the sigma-delta processing ele 
ment; 

Wherein the sigma-delta circuit is used for executing a 
plurality of orders of sigma-delta operations, and each 
order of sigma-delta operation is executed through the 
coe?icient generation element, the sigma-delta process 
ing element and the storage element. 

2. The sigma-delta circuit of claim 1, Wherein the coef? 
cient generation element further comprises a plurality of mul 
tiplexers, each multiplexer comprising: 

a plurality of input ends used for receiving a plurality of 
coe?icients; 

a control end used for receiving a state signal; and 
an output end used for selecting one of the plurality of 

coef?cients to output according to the state signal cor 
responding to the order of sigma-delta operation. 

3. The sigma-delta circuit of claim 1, Wherein the sigma 
delta processing element comprises: 

an adder having a ?rst input end, a second input end, and an 
output end, the ?rst input end used for receiving an input 
signal, the second input end used for receiving an output 
signal, and the adder used for processing an addition 
operation on the input signal and the output signal to 
generate an operation signal; and 

an integrator having an input end coupled to the output end 
of the adder for receiving the operation signal, and an 
output end coupled to the second input end of the adder, 
the integrator used for processing an integration opera 
tion on the operation signal to generate the output signal. 

4. The sigma-delta circuit of claim 3, Wherein the integrator 
comprises: 

an adder having a ?rst input end, a second input end, and an 
output end, the ?rst input end used for receiving the 
operation signal, the second input end used for receiving 
the output signal, and the adder used for processing an 
addition operation on the operation signal and the output 
signal to generate a second operation signal; and 

a delay having an input end coupled to the output end of the 
adder for receiving the second operation signal and an 
output end coupled to the second input end of the adder, 
and the delay used for delaying the second operation 
signal for a clock period to generate the output signal. 

5. The sigma-delta circuit of claim 4, Wherein the delay is 
a D type ?ip -?op used for latching the second operation signal 
and outputting the output signal at a next clock. 

6. The sigma-delta circuit of claim 3, Wherein the sigma 
delta processing element further comprises a quantiZer 
coupled to the output end of the integrator, the quantiZer used 
for quantiZing the output signal. 

7. The sigma-delta circuit of claim 3, Wherein the sigma 
delta processing element further comprises a second multi 
plexer, the second multiplexer comprising: 

a ?rst input end coupled to the output end of the adder for 
receiving operation results of the adder; 

a second input end coupled to the storage element for 
receiving the previous sigma-delta operation result of 
the sigma-delta processing element; 

tWo control ends used for receiving the state signal and a 
count signal individually; and 

an output end used for selecting to output the operation 
results of the adder or the previous sigma-delta operation 
result of the sigma-delta processing element according 
to the state signal and the count signal received at the tWo 
control ends. 

8. The sigma-delta circuit of claim 7, Wherein the sigma 
delta processing element further comprises a third multi 
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8 
plexer coupled to the output end of the coef?cient generation 
element, the third multiplexer used for selecting one of the 
plurality of coef?cients to output according to the state signal 
and the count signal. 

9. The sigma-delta circuit of claim 8, Wherein the sigma 
delta processing element further comprises a multiplier, the 
multiplier comprising: 

a ?rst input end coupled to the output end of the third 
multiplexer for receiving the coef?cients outputted by 
the third multiplexer; 

a second input end coupled to the second multiplexer for 
receiving the operation results of the adder or the previ 
ous sigma-delta operation result of the sigma-delta pro 
cessing element; and 

an output end; 
Wherein the multiplexer is used for processing a multiplica 
tion operation on the coef?cients outputted by the third mul 
tiplexer by the operation results of the adder or the previous 
sigma-delta operation result of the sigma-delta processing 
element to generate the sigma-delta operation results. 

10. The sigma-delta circuit of claim 1, Wherein the storage 
element is a memory. 

11. The sigma-delta circuit of claim 1, Wherein the storage 
element is a random access memory (RAM). 

12. A method of utiliZing a time sharing architecture to 
process audio signals in a sigma-delta circuit, the method 
comprising: 

operating the sigma-delta circuit according to the time 
sharing architecture; and 

utiliZing the sigma-delta circuit, operated according to the 
time sharing architecture, to execute a plurality of orders 
of sigma-delta operations, Wherein each order of sigma 
delta operation is executed through folloWing steps: 
generating coef?cients for sigma-delta operations; 
executing sigma-delta operations according to the coef 

?cients generated for sigma-delta operations; and 
storing results of the sigma-delta operations. 

13. The method of claim 12 further comprising: 
receiving a plurality of coe?icients; 
receiving a state signal; and 
selecting one of the plurality of coef?cients to output 

according to the state signal corresponding to the order 
of sigma-delta operation. 

14. The method of claim 12, Wherein the step of executing 
the sigma-delta operations according to the coef?cients gen 
erated for sigma-delta operations comprises: 

receiving an input signal and an output signal, and process 
ing an addition operation on the input signal and the 
output signal to generate an operation signal; and 

processing an integration operation on the operation signal 
to generate the output signal. 

15. The method of claim 14, Wherein the step of processing 
the integration operation on the operation signal to generate 
the output signal comprises: 

processing an addition operation on the operation signal 
and the output signal to generate a second operation 
signal; and 

delaying the second operation signal for a clock period to 
generate the output signal. 

16. The method of claim 15, Wherein the step of delaying 
the second operation signal for a clock period comprises 
latching the second operation signal and outputting the output 
signal at a next clock. 

17. The method of claim 14, further comprising: 
quantiZing the output signal. 
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18. The method of claim 14, wherein the step of executing 
the sigma-delta operations according to the coe?icients gen 
erated for sigma-delta operations further comprises: 

receiving operation results of the addition operation; 
receiving the previous sigma-delta operation result; 
receiving the state signal and a count signal; and 
selecting to output the operation results of the addition 

operation or the previous sigma-delta operation result 
according to the state signal and the count signal. 

19. The method of claim 18, Wherein the step of executing 
the sigma-delta operations according to the coe?icients gen 
erated for sigma-delta operations further comprises selecting 
one of the plurality of coef?cients to output according to the 
state signal and the count signal. 

10 
20. The method of claim 19, Wherein the step of executing 

the sigma-delta operations according to the coef?cients gen 
erated for sigma-delta operations further comprises: 

receiving the coef?cient selected according to the state 
signal and the count signal; 

receiving the operation results of the addition operation or 
the previous sigma-delta operation result; and 

processing a multiplication operation on the coef?cient 
selected according to the state signal and the count sig 
nal by the operation results of the addition operation or 
the previous sigma-delta operation result to generate the 
sigma-delta operation results. 

* * * * * 


